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ABSTRACT 
Timely detection and follow-up of abnormal cellular changes can aid in early diagnosis 
of breast cancer, thus leading to better treatment outcomes. However, despite substantial 
breast cancer screening initiatives, the proportion of female breast cancer cases diagnosed at 
late stages remains high. Distance to screening clinics may affect access to care, particularly 
for women living in impoverished areas with limited means of reliable transportation. 
Utilizing breast cancer screening data collected by the Illinois Breast and Cervical Cancer 
Program between 1996 and 2010, we examined the effect of travel distance to the clinic from 
which women received breast cancer screening tests on stage of diagnosis. 
The proportion of abnormal mammograms in White women (1.6%) was higher than in 
Black women (1.1%) or Hispanic women (0.5%). The average distance traveled to a clinic 
was also farthest among White women (6.7 mi) than for Hispanic (5.3 mi) or Black women 
(4.4 mi). Distance to a clinic was significantly associated with increased odds of having 
abnormal results. When distance to clinic was controlled for, the observed disparity in odds 
of having an abnormal mammogram between White and Black women was no longer 
statistically significant. Individual and neighborhood sociodemographic characteristics were 
significantly associated with distance to clinic, but were not associated with increased odds 
of having an abnormal mammogram, controlling for distance to the clinic. 
Findings showed that individual and neighborhood sociodemographic characteristics are 
directly and indirectly associated with abnormal mammogram results, and that distance to a 
clinic may mediate, in part, the effects of individual characteristics and neighborhood 
disadvantage on the probability of having an abnormal mammogram.  
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INTRODUCTION 
Breast Cancer Disparities    
Breast cancer is the second-leading cause of cancer-related death in women (Edwards et 
al., 2010; National Cancer Institute, 2011).   Although during the 2000s the breast cancer death 
rate has dropped steadily, in 2011, an estimated 230,480 new cases of invasive breast cancer 
were expected to be diagnosed in women in the U.S., along with 57,650 new cases of non-
invasive (in situ) breast cancer (Breastcancer.org, 2011).    
The incidence rate of breast cancer has been consistently higher for white women, and in 
2008, the incidence was 130 per 100,000 white women, compared with 126 per 100,000 black 
women (National Cancer Institute, 2010b).  However, survival rates are lower among black 
women.  Between 2003 and 2007, the breast cancer mortality rate was 155/100,000 for white 
women and 181/100,000 for black women.  Similarly, five-year survival was also higher among 
white women compared with black women (91% vs. 78%, respectively) (National Cancer 
Institute, 2010b).  This pattern holds for the state of Illinois, where the mortality rate was 30 per 
100,000 for white women and 39 per 100,000 for black women (Illinois Department of Public 
Health, 2009). 
Breast cancer survival rates can be significantly improved when it is diagnosed at an 
earlier stage: the 5-year survival rate for women who were diagnosed at the localized breast 
cancer stage is 98%, compared with 23% for those who were diagnosed at the distant stage 
(National Cancer Institute, 2009).  Despite the availability of relatively simple and inexpensive 
screening tools, racial/ethnic minority women of low socioeconomic status (SES) are more often 
diagnosed at a later stage of breast cancer and, subsequently, the mortality rates are higher for 
racial/ethnic minority women compared with the rates among white women (Cross, Harris, & 
Recht, 2002; Eley et al., 1994; Grisby, Hall-Daniels, Baker, & Perez, 2000; Mandelblatt, 
Andrews, J., Zauber, & Burnett, 1991; Mundt, Connell, & Campbell, 1998; Roetzheim et al., 
1999; Wang, McLafferty, Escamilla, & Luo, 2008).   
Disparities in Cancer Screening 
One of the reasons for the late diagnosis of cancer may be lack of routine screening 
(Brookfield, Cheung, Lucci, Fleming, & Koniaris, 2009; Ferrante, Gonzalez, Roetzheim, Pal, & 
Woodard, 2000; Liu, Wang, Waterbor, Weiss, & Soong, 1998).  Routine screening such as 
mammography can improve early detection of abnormal changes and early stage diagnosis, 
which can greatly reduce the cancer mortality rates (Berry et al., 2005; Bradley, Given, & 
Roberts, 2001; Brown, Riley, Schussler, & Etzioni, 2002; Clegg et al., 2009; Ferrante, et al., 
2000; Lundin, Christopherson, Mendez, & Parker, 1965; National Cancer Institute, 2010a; 
Nelson et al., 2009; Sassi, Luft, & Guadagnoli, 2006).  The Centers for Disease Control and 
Prevention (CDC) reported no difference in mammogram uptake between white and black 
women among 40 years and older (both being 68%) (CDC, 2011).  On the other hand, a meta-
analysis using 33 studies between 1980 and 2006 concluded that African American women (OR 
0.87, 95% CI 0.75, 1.00) and Hispanic women (OR 0.65, 95% CI 0.50, 0.85) were less likely to 
obtain breast cancer screening than white women (Purc-Stephenson & Gorey, 2008).  Similar 
findings have been reported based on the 2000 National Health Interview Survey where the rate 
of mammogram uptake was lower for African American and Hispanic women compared with the 
rate for white women (Swan, Breen, Coates, Rimer, & Lee, 2003).   
A myriad of psychosocial and economic factors may affect breast cancer screening 
behavior (Consedine, Magai, Krivoshekova, Ryzewicz, & Neugut, 2004; Magai, Consedine, 
Conway, Neugut, & Culver, 2004).  Studies have argued that one of the reasons for the late 
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diagnosis of cancer may be due to the lack of routine screening (Brookfield, et al., 2009; 
Ferrante, et al., 2000; Liu, et al., 1998).  Education was known to be associated with having a 
recent mammogram: 54% of women with no high school or GED diploma had a mammogram in 
the past two years, but 65% of women with a high school degree and 73% of women with at least 
some college had a mammogram in the past two years (American Cancer Society, 2007).  
Insurance status was also found to be associated with late stage cancer diagnosis.  Halpern and 
others documented that in the US National Cancer Registry database, uninsured individuals or 
individuals on Medicaid were more likely to be diagnosed with cancer at a late stage compared 
with privately insured patients (Halpern et al., 2008).  Using the 2000 and 2001 Medical 
Expenditure Panel Survey, national-level survey data, Kirby and colleagues also documented 
that differences in individual health insurance coverage and SES, as well as neighborhood-level 
racial composition, explained some of the racial differences in health outcomes (Kirby, 
Taliaferro, & Zuvekas, 2006).  
Access to mammography sites seems to influence cancer screening and follow-up 
behavior (Celaya et al., 2010).  Particularly, distance to the nearest mammography facility 
(Engelman et al., 2002) and/or to nearest hospital (Silverstein, Nietert, Ye, & Lackland, 2002) 
was associated with the rate of cancer screening uptake.  For example, a study conducted in 
Australia found that among women living in disadvantaged areas, those who lived closer to 
clinics were more likely to have a mammogram (Hyndman, Holman, & Dawes, 2000).  Travel 
time and distance to screening facilities was also shown to be inversely associated with 
neighborhood poverty level (Zenk, Tarlov, & Sun, 2006).  Predominantly black neighborhoods 
in Atlanta had the longest travel times to the facilities (Peipins et al., 2011).  Similarly in 
Chicago, individuals living in predominantly African American neighborhoods had longer travel 
distance to clinics (Zenk, et al., 2006).   
The effect of travel distance to a clinic on women’s screening participation and follow-up 
behavior has not been thoroughly examined (Hyndman, et al., 2000).  While people in 
disadvantaged neighborhoods often lack access to primary care clinics, individuals who have 
limited access to reliable means of transportation could particularly be affected by the distance 
they have to travel to receive preventive screening tests.  In this study we examined racial/ethnic 
differences in distance to screening facilities among women living in poverty.   
Conceptual model  
This study draws from multi-level ecological approaches to health disparities (Campbell 
et al., 2009; Cho et al., 2011; Warnecke, Oh, Breen, & et al, 2008).  Ecological approaches 
explore distal factors, fundamental causes of health disparities, and examine interactions among 
multilevel factors that affect health.  Individual and neighborhood socioeconomic characteristics 
affect access to care, quality, and timeliness of care, which consequently affect health outcomes.  
In addition, we specifically focus on potential factors that can introduce differential breast cancer 
outcomes in the overall process from routine screening, follow-up of abnormal findings, early 
diagnosis, timely treatment, and quality care (Figure 1).  One of the ways in which distal factors 
such as race/ethnicity and socioeconomic status may influence an individual’s health outcome is 
through impacting access to care.  In this analysis, we treat the distance traveled to the clinic as a 
barrier of access to routine screening and timely follow-up of abnormal changes.   
We hypothesize that 1) the average distance to the clinic may differ by race/ethnicity, 
controlling for other relevant variables; 2) distance to screening facilities has an independent  
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Figure 1  
Associations between explanatory variables, distance to the clinic, and abnormal screening results   
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effect on the probability of having an abnormal mammogram, controlling for other factors.  
Finally, we expect that 3) although the crude rate of abnormal mammograms is higher for white 
women compared with black women, the racial difference in the likelihood of having an 
abnormal mammogram may be reduced when distance to clinic is taken into account.  
 
METHODS 
Datasets 
We utilized the breast cancer screening data collected by the Illinois Breast and Cervical 
Cancer Program (IBCCP), between November 20, 1996 and May 10, 2010.  The IBCCP aims to 
provide breast and cervical cancer screening and diagnostic tests to low-income, uninsured, and 
underinsured women.  IBCCP services are available to women living below 250% of federal 
poverty level.  Since the program was launched in Illinois in 1995, more than 154,000 women 
have been screened for breast and cervical cancers (Illinois Department of Public Health, 2011).  
Overall, 48,368 screening encounters throughout the state of Illinois were recorded in the dataset, 
which included 32,772 unique individuals who received one or more mammogram.  Of those, we 
restricted our analysis to the 98% of individuals (n=32,175) who resided in Cook County, IL.   
Individual residential addresses were geocoded using ArcGIS 10.  The 10.0 North 
America Geocode Service was used as the Address Locator.  Census tract-level socio-
demographic data from the US Census Bureau were added to the dataset.  Census data from 2000 
were used to match as a midpoint for the time period the IBCCP data were collected (1996-
2010).  Using the Hawth's Analysis Tools extension (ArcGIS 9), we calculated the distance in 
miles between the residential location to the IBCCP clinic where women received mammograms.   
A total of 17 IBCCP agencies provided care.  Of those, five agencies were excluded from 
the analysis.  Because these agencies had more than one clinic site, we were not able to calculate 
the actual distance to the clinic where women obtained a mammogram.  Mammogram results 
from the 12 remaining agencies included 21,085 unique individuals.  Home addresses were used 
to calculate distance to clinic.  Additionally, individual sociodemographic information and 
census tract-level socioeconomic variables were included in this study.     
Variables 
Dependent variables:  The primary variable of interest in this analysis was the distance to 
breast cancer screening clinics.  We used the distance as a dependent variable examining the 
effect of race/ethnicity and other relevant variables. We also used the distance variable as an 
independent variable to explain abnormal mammogram results, controlling for all other 
variables.   
The residential address and the location of the IBCCP clinic from which each individual 
received her screening service were geocoded.  The distance traveled to a clinic was calculated 
by measuring the distance in miles between longitude and latitude of residential location and the 
clinic from which the women received the screening service.  Census tract numbers were 
assigned to the cases based on residential addresses.   
A dichotomous variable indicating mammogram results (normal vs. abnormal findings) 
was created.  Abnormal findings included: Lobular in situ (LCIS), Ductal in situ (DCIS), mild 
dysplasia (CIN 1), moderate dysplasia (CIN 2), severe dysplasia, carcinoma in situ, or 
adenocarcinoma in situ (AIS) (CIN 3).   
Independent variables:  Individual sociodemographic variables included race/ethnicity, 
age, income, marital status, education, and employment status.  Race/ethnicity included four 
categories (Black, Hispanic, White, and other race/ethnic group).  Age was categorized into four 
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groups: less than 40 years (omitted category), 40 to 49 years, 50 to 64 years, and 65 and older.  
Income was grouped into quartiles: less than $7,200, $7,200-$12,000, $12,000-$16,320, and 
more than $16,320.  Marital status was categorized in to the following: never married, married, 
widowed, and divorced/separated.  Education level was dichotomized: less than high school 
education vs. high school graduate or more.  Employment status was divided into full-time 
employment, part-time employment, or unemployed.   
Census tract-level demographic information included percent of residents living below 
poverty line and percent of African American residents.  We calculated a factor score indicating 
the level of disadvantage using: % poverty, % African Americans, % female headed households 
with children, % less than high school education, median income, and % unemployed.  The 
factor analysis generated two components.  We compared the model using the factor score and 
the model with % poverty and % African Americans as separate variables (results not shown).  
We found no difference between the two approaches and therefore used the raw variables.   
Analysis 
Descriptive statistics were used to characterize the sample (Tables 1 & 2).  First we 
examined the differences in the percent of abnormal screening results and the average distance to 
clinic by race/ethnicity, age, education, employment status, marital status, and income (Table 1).  
Second, we examined racial/ethnic differences in the independent and explanatory variables at 
the individual level as well as at the residential census tract level (Table 2).  We used Chi-square 
tests to examine proportional differences and ANOVA to test mean differences.   
Third, to test Hypothesis 1, the association between race/ethnicity and the distance to the 
clinic, controlling for individual and census tract level variables, we performed two -level 
hierarchical linear models (Table 3).  The multilevel model accounts for clustering of individual 
outcome measures within census tracts: this allows for the correlation of error terms within each 
community (Goldstein, 1995).  For the continuous outcome variable (distance in miles), we 
modeled two-level linear regressions (Bryk & Raudenbush, 1992).  In all models, only the 
intercept was treated as random to explore differences in average measures between communities 
along with individual variance.   
First, we examined the effect of race/ethnicity only (Model 1).  We then introduced other 
sociodemographic variables (Model 2).  Finally, we included census tract level variables (Model 
3).  To test Hypothesis 2, the association between distance to clinic and abnormal mammogram 
results, we specified nonlinear Bernoulli models since the outcome variable was a dichotomous 
variable (abnormal vs. normal), accounting for census tract level clustering and controlling for 
individual-level characteristics (Table 4).  To explore changes in the size of coefficients of 
independent variables, we introduced explanatory variables step-wise: first, race/ethnicity and 
other individual level socioeconomic measures (Model I) were included.  We added the distance 
measure to the model (Model II).  Alternatively, we included census tract level measures (Model 
III).  The final model included both census tract level measures and the distance (Model IV).  To 
test Hypothesis 3, we compared the effect of race/ethnicity variables in Model I with the rest of 
the models.  We compared odds ratios of each variable in relation to the dependent variable to 
determine the size and the direction of the effect on the likelihood of having abnormal 
mammogram results.   
 
RESULTS 
Sample characteristics 
Overall, more than 72% of women received one service and 95% utilized the IBCCP 
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services three times or less (ranged 1 to 11 visits).  Table 1 describes characteristics of women in 
the analysis.  About 45% of women who received mammogram from the IBCCP were Hispanic 
and about 37% were black.  Women who were White or other ethnicities each accounted for less 
than 10% of the sample.  More than 60% of women were between 50 years and 64 years old, and 
an additional 33% were between 40 and 49 years old.  The majority of women had more than a 
HS education, but more than 56% were unemployed.  The mean household income was $12,790 
(median=$12,000), and women in the top 25% quartile had an annual household income over 
$16,320.  Adjusting for the number of people living in household, only 1.5% did not meet the 
IBCCP’s 250% poverty line criteria.  Nearly 40% were married and 23% had never been 
married/single.   
Table 1 
Abnormal changes by screening type (N=21,085) 
 % sample 
distribution  
% abnormal at 
initial visit  
Sig. for  
% abnormal  
Mammogram results 
 Normal 
 Abnormal  
 
99.2 
  0.8 
- - 
Race/Ethnicity  
 White  
 Black  
 Hispanic  
 Other 
 
  9.3 
36.8 
44.5 
  8.3 
 
1.6 
1.1 
0.5 
0.7 
<.01 
Age  
 < 40  
 40-49  
 50-64  
 > 65  
 
  3.9 
32.7 
60.8 
  2.6 
 
1.0 
0.6 
0.9 
1.8 
<.05 
Education 
 Less than high school  
 High school or more  
 
34.0 
66.0 
 
0.6 
1.1 
<.01 
Employment  
 Unemployed  
 Part time  
 Full time 
 
56.2 
19.2 
24.6 
 
0.9 
1.1 
0.5 
<.01 
Household income  
 < $7,200  
 $7,200 – $12,000  
 $12,000 – $16,320 
 > $16,320 
 
24.4 
25.4 
25.2 
25.0 
 
0.9 
0.8 
0.7 
0.8 
n.s. 
250% Poverty 
 Yes  
 No  
 
98.5 
  1.5 
 
0.8 
1.8 
n.s. 
Marital Status  
 Never married  
 Married  
 Widowed 
 Divorced/Separated  
 
22.9 
39.6 
10.2 
27.3 
 
1.0 
0.5 
1.2 
0.9 
<.01 
Distance to clinic 
 Below average (<5.19)  
 Above average (>=5.19)  
 
58.9 
41.1 
 
0.7 
1.0 
n.s. 
  
The mean distance from women’s residential location to the clinic was 5.2 miles; with the 
median of 4.4 miles.  Just over 41% traveled further than the average.  The majority of follow-up 
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test results were normal; a total of 173 women (0.8%) were found to have abnormal breast 
cancer screening results.  Overall, bivariate comparison results showed that women who are 
white, older than 65 years of age, with a high school or more education, employed part-time, and 
the widowed were more likely to have abnormal results (Table 1).   
Racial/Ethnic differences 
All explanatory variables included in the study were significantly different between 
racial/ethnic groups (Table 2).  White women had the highest % of abnormal results, and 
traveled the farthest distance to clinic.  Hispanic women traveled the shortest distance to clinic.  
On average, black women were older (54 years) than other racial/ethnic women; and Hispanic 
women were younger (51 years) than other racial/ethnic women.  Only 60% of Hispanic women 
had a high school education; while 77% of other racial/ethnic women, 75% of black women, and 
72% of white women had completed high school or more education.  The average income was 
also the highest among other racial/ethnic women, followed by white and Hispanic women.  
Black women had the lowest average household income.  More than 30% of Hispanic women 
were employed full-time, while 18% of white and 19% of black women were employed full-
time.   
Table 2 
Descriptive summary of characteristics of racial/ethnic group differences among abnormal screening results 
 Race/ethnicity 
 White Black Hispanics Other p 
Individual level characteristics      
% Abnormal   1.6   1.1   0.7   0.5 <.01 
Mean miles traveled to clinic   6.7    4.4    5.3    6.3  <.01 
Mean Age 52.7 53.6 51.4 52.5 <.01 
HS or More Education 72.2 75.1 59.8 76.8 <.01 
Mean Household Income $14,339 $10,518 $13,835 $15,552 <.01 
Mean Household Size   1.6   1.7   2.6   2.2 <.01 
Employment 
% Unemployed 
% Part Time Employed 
% Full Time Employed 
 
53.4 
29.0 
17.6 
 
59.8 
21.0 
19.2 
 
54.8 
14.5 
30.7 
 
50.4 
25.5 
24.2 
<.01 
Marital Status 
% Never married 
% Married 
% Widowed 
% Divorced/Separated 
 
20.5 
36.6 
10.9 
32.1 
 
33.2 
18.4 
12.6 
35.8 
 
18.0 
51.7 
  8.2 
22.0 
 
  7.4 
69.5 
  9.6 
13.5 
<.01 
Census tract characteristics      
% Poverty 11.1 22.2 17.3 15.5 <.01 
% Female headed households   9.8 23.0 12.1   9.9 <.01 
% Unemployed   6.7 26.9   9.4   7.5 <.01 
% Less than HS educated 24.1 26.9 41.1 27.0 <.01 
% White 68.2 17.2 50.9 56.4 <.01 
% Black 12.3 75.9 12.0 11.1 <.01 
% Hispanic 22.9   7.4 54.6 20.2 <.01 
 
Census tract level neighborhood characteristics were significantly different by 
racial/ethnic group.  The average percent of residents living below the poverty line was highest 
for black women (22%), followed by Hispanic women (17%), other women (16%), and white 
women (11%).  A similar pattern was showed for % female headed households and % 
unemployed.  The average proportion of residents with less than high school education was 
significantly higher for Hispanic women (41%), while it was 27% for black and other 
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racial/ethnic women, and 24% for white women.  Overall, white women were living in 
predominantly white communities (68% whites), compared with black women (17% of residents 
were whites); and black women were living in predominantly black communities (76% black 
residents), compared with other racial groups (between 11% and 12% of residents being black).   
Distance to the clinics  
Table 3 describes the results of hierarchical linear regression models for distance traveled 
to the clinics in miles.  Regression coefficients and standard errors are reported in the table.  
When only the race/ethnicity dummy variables were in the model, black women traveled a 
shorter distance but Hispanic women traveled a longer distance to a clinic compared with white 
women (Model I).   
Table 3 
Hierarchical linear regression models explaining distance to the clinic 
 Models 
 I II III 
 Coeff SE Coeff SE Coeff SE 
Race/Ethnicity  
 White  
 Black  
 Hispanic  
 Other 
 
- 
  -0.67** 
0.15** 
  -0.25     
 
- 
0.17 
0.09 
0.20 
 
- 
-0.84** 
    0.02 
   -0.03 
 
- 
0.19 
0.09 
0.21 
 
- 
-0.68** 
    0.05 
   -0.01 
 
- 
0.19 
0.09 
0.21 
Age  
 < 40  
 40-49  
 50-64  
 > 65  
   
0.42* 
- 
   -0.22 
   -0.05 
 
0.17 
- 
0.14 
0.15 
 
0.43* 
- 
   -0.24 
   -0.07 
 
0.17 
- 
0.14 
0.15 
High school or more        0.02 0.06     0.01 0.06 
Household income  
 < $7,200  
 $7,200 – $12,000  
 $12,000 – $16,320 
 > $16,320 
   
-0.31** 
-0.30** 
-0.22** 
- 
 
0.07 
0.07 
0.07 
- 
 
-0.30** 
-0.29** 
-0.22** 
- 
 
0.07 
0.07 
0.07 
- 
Marital Status 
 Never married  
 Married  
 Widowed 
 Divorced/Separated   
   
     0.08 
- 
     0.08 
    -0.05 
 
0.07 
- 
0.08 
0.06 
 
    0.08 
- 
    0.08 
   -0.06 
 
0.07 
- 
0.08 
0.06 
Employment  
 Unemployed  
 Part time  
 Full time 
   
    -0.03 
- 
  -0.29** 
 
0.06 
- 
0.07 
 
   -0.03 
- 
-0.28** 
 
0.06 
- 
0.07 
% Poverty     -0.19** 0.01 
% African Americans      0.002   0.004 
Intercept 7.70** 0.19 7.68** 0.22 10.72** 0.31 
Variance component  31.25**  27.02**  20.29**  
* p < .05; ** p < .01 
Note: Unstandardized coefficients are presented.  Model I included only race/ethnicity.  Model II included 
individual level variables.  Model III included census tract level variables.     
 
However, controlling for relevant individual and census tract level sociodemographic variables 
(Models II and III), the difference between Hispanic and white women disappeared; but black 
women traveled a shorter distance compared with white women.  This result supported 
Hypothesis I: the average distance to the clinic may differ by race/ethnicity.  In addition, women 
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younger than 40 years of age traveled longer distances compared with women 40-49 years old.  
Women in the highest income quartile traveled longer distances than women in the lower income 
quartiles.  Women employed full-time traveled shorter distances compared with those employed 
part-time.  Women living in neighborhoods with a greater proportion of poverty traveled shorter 
distances, controlling for other variables.  However, the census tract level proportion of African 
American residents was not associated with travel distance to clinics. 
Abnormal mammogram results  
Table 4 summarizes the results from logistic regression models for having abnormal 
mammogram results.  First, controlling for other variables, white women were more likely than 
all other race/ethnic women to have an abnormal mammogram (Model I). 
 
Table 4 
Logistic regressions explaining having abnormal mammogram results 
 Models 
 I II III IV 
Race/Ethnicity  
 White  
 Black  
 Hispanic  
 Other 
 
- 
0.58* 
  0.33** 
0.35* 
 
- 
       0.68 
  0.36** 
0.35* 
 
- 
       0.66 
  0.34** 
0.36* 
 
- 
       0.73 
  0.36** 
0.36* 
Age  
 < 40  
 40-49  
 50-64  
 > 65  
 
1.82 
- 
0.43 
3.30* 
 
1.73 
- 
0.43 
 3.32* 
 
1.80 
- 
0.42* 
3.36* 
 
1.73 
- 
0.43* 
  3.35** 
High school or more  1.39 1.35        1.36        1.34 
Household income  
 < $7,200  
 $7,200 – $12,000  
 $12,000 – $16,320 
 > $16,320 
 
0.74 
0.76 
0.74 
- 
 
0.78 
0.81 
0.77 
- 
 
0.75 
0.78 
0.75 
- 
 
0.78 
0.81 
0.77 
- 
Marital Status 
 Never married  
 Married  
 Widowed 
 Divorced/Separated   
 
1.55 
- 
1.52 
1.11 
 
1.62 
- 
1.56 
1.14 
 
1.57 
- 
1.52 
1.11 
 
1.62 
- 
1.56 
1.13 
Employment  
 Unemployed  
 Part time  
 Full time 
 
0.80 
- 
0.53* 
 
0.82 
- 
 0.55* 
 
0.80 
- 
0.55* 
 
0.81 
- 
0.56* 
Distance in miles     1.06**    1.06** 
% Poverty          0.99        0.99 
% African Americans           1.00        1.00 
Intercept  0.01** 0.01**  0.01**   0.01** 
Variance component 0.30n.s. 0.30n.s.  0.28n.s.   0.30n.s. 
* p < .05; ** p < .01 
Note: Odds ratios are presented; Models differ based on variables included in the analysis.    
 
When the distance measure was introduced, the difference between black and white women was 
no longer statistically significant, controlling for other variables (Models II).  However, Hispanic 
and other race/ethnic women were less likely than white women to have an abnormal 
mammogram.  In addition, Model II shows the significant effect of distance on abnormal 
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mammogram: for each one mile increase in the distance to clinic, the likelihood of having 
abnormal mammogram results increased by six percent.  This result supported our Hypothesis II: 
distance to screening facilities has an independent effect on the likelihood of having an abnormal 
mammogram.   
Finally, introducing two census tract level variables, women 50-64 years old were 57% 
less likely but women older than 65 were 3.5 times more likely than women 40-49 years of age 
to have abnormal results (Model III).  Women employed full-time were 44% less likely than 
women employed part-time to have an abnormal mammogram.  Census tract level variables, % 
living below poverty and % African Americans were not associated with the likelihood of having 
an abnormal mammogram, however, distance continued to be significantly associated with the 
likelihood of having abnormal mammogram results (Model III), controlling for all other 
variables.  This result confirms Hypothesis III where the difference in the likelihood of having 
abnormal mammogram between white and black women may be in part accounted for by 
distance to clinic.   
 
DISCUSSION 
Our findings suggest that the distance women traveled to a clinic was a significant 
predictor for having an abnormal mammogram, controlling for relevant individual and 
community-level sociodemographic characteristics.  IBCCP provides free breast cancer 
screening services to women without health insurance, so by definition, women in our analysis 
were predominantly minority women living in poverty.  For such women with limited resources 
who do not have access to reliable transportation, access to and proximity to health care facilities 
is an important factor that could affect routine screening and timely follow-up.   
Racial/ethnic differences were observed in the odds of having abnormal results.  White 
women were more likely to have abnormal mammogram results, compared with black, Hispanic, 
and other ethnic women, but after controlling for distance to clinic, the black-white difference 
was no longer significant, while Hispanic and other ethnicities continued to be less likely to have 
abnormal results.  Interestingly, white women traveled the farthest compared to all other 
racial/ethnic women, although white women were more likely to have abnormal results.  This 
finding posits a significant policy implication in terms of allocating resources, such as 
determining locations of IBCCP clinics.  Clearly, IBCCP clinics are strategically located in poor 
neighborhoods.   
In addition, our finding indicated that women living in poorer census tracts traveled a 
shorter distance to a clinic, controlling other factors.  This finding suggests that IBCCP clinics 
are primarily located in impoverished neighborhoods and that underserved women utilize these 
services.  However, poor white women may not be living in impoverished neighborhoods, which 
are often predominantly ethnic minority neighborhoods.  This pattern is an example of racial 
residential segregation, even among those who are living in poverty.  White women who live in 
relatively less poor neighborhoods may have less access to health care and/or social services.  
Safety net clinics, such as IBCCP, are designed to provide health care to underserved, uninsured 
individuals, and are strategically located in poor neighborhoods.  And, those who are poor and 
uninsured, but reside in relatively less poor neighborhoods, may have a harder time accessing 
safety net clinics.  This finding illustrates the difficulty in policy decision-making in attempting 
to meet the needs of all underserved women.  It is a challenge to develop effective ways to 
provide necessary care to those living in areas where social services and health care are scarce, 
due to the fact that the neighborhoods as a whole are not necessarily considered to be in need.  In 
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segregated urban cities, such as Chicago, a high correlation between neighborhood-level poverty 
and the composition of racial/ethnic minorities has been observed.  Poor white women, on the 
other hand, may not necessarily reside in high poverty neighborhoods where social services 
agencies and clinics are often located.  Clear, this finding illustrates that neighborhood 
characteristics may influence the level of access to care and resources (Pornet, Dejardin, Morlais, 
Bouvier, & Launoy, 2010).  For illnesses where incidence rates are higher for white women in 
particular, such as breast cancer, designing and allocating services and resources need more 
careful consideration.  Policies that simply target poor neighborhoods or predominantly minority 
areas inevitably exclude women whose population-level incidence rates are higher than other 
race/ethnic groups.   
 Women employed full-time were 44% less likely to have an abnormal mammogram, 
compared with women employed part-time.  Furthermore, the average travel distance was shorter 
for women employed full-time than for women employed part-time.  This finding might reflect 
the fact that Hispanic women have relatively lower rates of abnormal mammograms, shorter 
average travel distances to clinics, and are more likely to be employed full-time (31%) compared 
with any other women (18%-24%).  However, it is not clear whether the association between 
employment status and access to care among the poor underserved women might mean some 
other latent characteristics of the individuals and the neighborhoods (such as collective efficacy 
and social capital) strengthens the capacity for individuals and neighborhoods to advocate 
themselves and to obtain necessary resources, such as IBCCP clinics or other community health 
clinics.  Further research is warranted to investigate the effect of employment on collective 
efficacy and access to care.    
 Non-linear associations are shown between age group and abnormal mammogram results, 
as well as the distance to the clinic.  Women in the oldest quartile were more likely to have an 
abnormal mammogram.  This was expected considering that breast cancer incidence increases 
with age (DeSantis, Siegel, Bandi, & Jemal, 2011).  This observation suggests the need to 
improve follow-up behavior among older women (Young & Severson, 2005).  Although our 
findings suggested that younger women tended to travel further to clinics, other potential barriers 
to the follow-up of abnormal test results among older aged women should be considered, 
including lack of knowledge and information on cancer screening, and fear or fatalistic beliefs 
(Glanz et al., 1992; Hughes, Lerman, & Lustbader, 1996; Lerman et al., 1993; Rimer, 
Schildkraut, Lerman, Lin, & Audrain, 1996).  Other issues might be lack of social support 
networks, as older individuals may be socially isolated (Klinenberg, 2003).  To develop 
interventions to improve follow-up of abnormal test results among older women, additional 
qualitative exploration of behavioral barriers specific to older women may help underlying 
mechanisms for the differences.    
 Overall, the findings suggested that how far women live from breast cancer screening 
facilities was associated with a greater likelihood of having abnormal mammogram results.  In 
addition, race/ethnicity, age, education, income, marital status, employment status, and 
neighborhood poverty and racial composition were associated with distance to screening 
facilities.  These findings confirm our conceptual model with which we hypothesized that 
broader social factors influence health outcomes, in this case, abnormal mammogram results.  
While distance to screening facilities was a significant factor affecting the likelihood of having 
an abnormal mammogram among disadvantaged women, such access to care and the proximity 
to care was a function of other individual and neighborhood level sociodemographic factors.    
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LIMITATIONS  
We used data from the Illinois Breast and Cervical Cancer Program, which is designed to 
provide free cancer screening services: Consequently, women included in our study were low-
income, uninsured, and living below 250% of federal poverty level.  Our finding showed a 
significant association between distance to clinics and abnormal mammogram results, which 
indicates that having cancer screening clinics close to home is an important aspect of access to 
care, but the finding was limited to underserved women who may not have reliable transportation 
to and fro clinics.  For those who have resources to have a car or someone to provide 
transportation, distance to clinics may not be an important factor in determining access to care.  
The effect of distance to health facilities on health outcomes may interact with one’s 
socioeconomic status.  The dataset we used for this analysis did not allow us to explore such 
individual-level associations.  Our study was not designed to explain mechanisms of mediating 
individual-level factors between sociodemographic factors and cancer screening behavior.  For 
example, social support, knowledge, and attitudes toward health care system may affect health 
care utilization.  Such factors may interact with physical distance to clinics and access to care, 
which may further mitigate the negative effect of distance to clinics.   
Researchers have argued that using neighborhood level characteristics in explaining 
individual level outcomes introduces significant methodological problems, particularly the 
spatial uncertainty problem (Kwan, 2012).  Research that uses only residential locations to 
determine distance to health clinics, ignores how individuals spend their time in other 
neighborhoods where they may spend a great deal of time working, shopping, attending church, 
or visiting relatives.  Our study did not take into account other locations than one’s residential 
address, which may have overestimated the effect of distance.   
Furthermore, the way geographic areas obtain clinics providing free screening programs, 
such as community health centers (CHCs) and federally qualified health centers (FQHCs), is not 
only based on how underserved these areas are but also whether they have the political and social 
capital to organize their constituents and organizations to apply and receive such clinics.  In 
general CHCs and FQHCs are located in areas that are identified as underserved with the 
Medically Underserved Areas (MUAs).  The Health Resources and Services Administration 
(HRSA) established criteria for MUAs based on the Index of Medical Underservice (IMU); areas 
found to have less than 62 on this score are eligible for the MUA designation.  However, it is not 
automatic that all neighborhoods with an IMU score less than 62 get MUA status.  Thus poor 
neighborhoods eligible to be MUAs may not be designated when they lack necessary political 
and social capital to mobilize residents and to acquire such status.  Further research is warranted 
to understand the effects of individual and collective level social, economic, and political 
resources on access to care and consequently health outcomes.    
 
CONCLUSION 
Our study showed that distance to cancer screening clinics is associated with the 
likelihood of having an abnormal mammogram.  Access to quality care helps women obtain 
routine screening and timely follow-up of abnormal changes, which in turn results in earlier 
diagnosis of breast cancer.  Having cancer screening facilities close to home may be even more 
important to disadvantaged women who may not have access to reliable transportation.  There is 
a need for developing effective health policy and planning that can help overcome barriers to 
access to necessary routine cancer screening.  In recent years, Chicago and Cook County, IL 
where this analysis was based, has experienced significant sociodemographic changes.  The 
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gentrification process may have contributed to reducing concentrated poverty in certain areas, 
which could have had a positive effect on the health of residents living in such areas.  But such 
changes in the county triggered sociodemographic changes, and as a consequence, inner city 
poor minorities may have been relocated/dispersed to suburban areas.  This introduces potential 
challenges as individuals with limited resources may have become dispersed to wider suburban 
areas, which would require a new way of designing health care and other social services for the 
underserved.     
Other fundamental social factors may determine, at least in part, the level of access to 
care in the first place.  Future research needs to explore other mediating factors, in addition to the 
distance to the clinic, which may affect cancer outcomes.  Neighborhood social characteristics, 
such as collective efficacy, social capital, and social network, are less researched factors that 
might affect not only health care utilization and health behavior, but also the level of 
neighborhood capacity which may increase their access to care and resources (Link & Phelan, 
2002; Link & Phelan, 2005; Phelan & Link, 2005).    
 Health disparities can take different forms depending on cancer types that have reliable 
screening tools such as breast and cervical compared with cancer types with no screening tools, 
such as ovarian cancer.  Specific characteristics and potential factors in each step of the disease 
process need to be thoroughly explored, including routine screening, follow-up of abnormal test 
results, early diagnosis, adequate treatment, and survival.   
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